Introduction
The ageing of the population is a multi-factorial, irreversible and global process (1) . Over the last three decades the proportion of elderly in Western Europe has increased from 15.5% to 21.8% and will reach 30.6% by 2060 (2) . The Annual Ageing Report of the European Commission (2012) predicts than in the next 30 years the number of people 65+ will reach 152 million within the European Union, twice the current number and the number of 80+ will be tripled.
9 gency surgery (ES). Case complexity, the increased surgical risk and higher mortality rates make emergency surgery in geriatric patients one of the most current topics in general surgery (3) ; therefore how to manage the available resources to improve outcomes in this group of patients is an important object of debate (4) .
Enhanced Recovery after Surgery (ERAS) programmes are evidenced-based protocols designed to standardize and optimize perioperative care in order to reduce surgical trauma, perioperative physiological stress and organ dysfunction (metabolic, endocrine and inflammatory response as well as reduce protein catabolism) related to elective procedures (5) . Although published initially for colorectal surgery in 2005, they are now well established for many other surgical conditions. (http:// www.erassociety.org)
There is already substantial evidence in the literature demonstrating the effectiveness of adopting ERAS based protocols in elective surgery (6) (7) (8) (9) (10) , resulting in a change in clinical practice and recommendations to use them in ES have already been made by Royal College of Surgeons, UK (11) .
Intuitively, ERAS should benefit elderly ES patients due to its design to reduce surgical stress and return functional status more efficiently.
The objective of this review was to evaluate the current evidence as to the applicability, safety and effectiveness of enhanced recovery pathways with geriatric general emergency surgery patients (GES).
Methods
The review has been registered in PROSPERO (International prospective register of systematic reviews, (http://www.crd.york.ac.uk/PROSPERO /searchadvanced.php) with the Registration number: CRD42016049271 and was reported in accordance with PRISMA statements (http:// prisma-statement.org).
No published studies evaluating enhanced recovery pathways after emergency surgery on elderly were found eligible for selection. With the intention of identifying and extrapolating evidence in relation to ERAS in GES, the search was then divided into two distinct branches; the first was for ERAS in Elderly patients and the second for ERAS in Emergency surgery.
Each search was restricted to the last 10 years. No language restrictions were applied.
The following search strings were used for PubMed and adapted for Cochrane:
i. ERAS (All Fields). AND ("aged" (MeSH Terms). OR "aged" (All Fields). OR "elderly" (All Fields).)) AND ("2006/01/01" (PDat).: "2016/10 /15"(PDat). AND "humans" (MeSH Terms).) ii. (enhanced(All Fields). AND recovery (All Fields). AND ("emergencies" (MeSH Terms). OR "emergencies" (All Fields). OR "emergency" (All Fields).) AND ("surgery" (Subheading). OR "surgery" (All Fields). OR "surgical procedures, operative" (MeSH Terms). OR ("surgical" (All Fields). AND "procedures" (All Fields). AND "operative" (All Fields).) OR "operative surgical procedures" (All Fields). OR "surgery" (All Fields). OR "general surgery" (MeSH Terms). OR ("general"(All Fields). AND "surgery" (All Fields).) OR "general surgery" (All Fields).)) AND ("2006/01/01" (PDat).: "2016/10/15" (PDat). AND "humans" (MeSH Terms).)
Titles and abstracts were scrutinized; duplicates and citations removed and full text articles of studies matching search criteria were included. Papers focused on non-abdominal surgery were excluded.
Search i) -Studies which did not provide separate baseline and outcome data specifically in relation to the elderly patient group (65+, or 70+, or 75+, or 80+, depending on the study focus) were excluded.
Search ii) -No further specific exclusion criteria were set. References of relevant studies were then reviewed for possible additional papers.
ERAS guidelines recommend a total of 20 elements (divided into preoperative, intra operative and postoperative), however not all of these are thought feasible for emergency surgery patients and therefore no restriction was placed on the number of elements applied as part of the protocol in each trial/study (12) .
The search was independently performed by two reviewers (MP, LP) and disputes were resolved by discussion or the judgement of a third reviewer (IMC) as to which papers should be included, if required. Fig. 1 gives a summary of the article selection process.
The search conducted with regard to ERAS and Elderly yielded 541 titles and that of ERAS and Emergency Surgery 63, after removal of duplicates. Fourteen papers were judged to be eligible (3 RCTs and 11 cohort studies) in relation to ERAS AND Elderly and 5 for ERAS AND Emergency (4 cohort studies and 1 RCT), Verheijen et al (13) . providing separate results for both ERAS and ES and ERAS and Elderly. Three relevant editorials (14) (15) (16) were also found during the search. Although these could not be used within the main body of the review due to not fulfilling all our selection criteria, they were included as part of the discussion as offering expert opinion (level 4 of evidence).
The two reviewers independently assessed the methodological quality and risk of bias of the papers selected using levels of evidence according to SIGN (http://www.sign.ac.uk/ methodology/checklists.html) and these are given in Table 1 . Fourteen of the eighteen studies in total were rated as acceptable/good quality, 2 as high and 2 as poor quality.
Data extracted for analysis consisted of patient age, type of surgery performed, ERAS elements implemented, surgical outcomes in terms of overall postoperative complications, mortality, length of stay (LOS) and readmission rates.
Results
Baseline characteristics from each study are shown in Table 2 . The impact of ERAS on a total number of 1214 elderly patients from 14 studies and 311 emergency patients from 5 studies was assessed.
The outcomes in relation to post operative LOS, complication, readmission and mortality rates reported for each study are summarized in Table 3 and were based on 30 day follow up in the majority of studies.
Studies comparing ERAS to conventional care, in elderly patients
Four studies compared ERAS to Conventional care (CC) in elderly patients, 3 of which were RCTs in colorectal surgery and 1 Cohort study in pancreaticoduodenectomy (PD). In the 3 RCTs, post operative complication rates were [18] RCT Acceptable 1+ Wang et al. [19] RCT Acceptable 1+ Partelli et al. [20] Cohort Acceptable 2+ Kisialueski et al. [21] Cohort Acceptable 2+ Baek et al. [22] Cohort Acceptable 2+ Coolsen et al. [23] Cohort High quality 2++ Khan et al. [24] Cohort Acceptable 2+ Pawa et al. [25] Cohort Acceptable 2+ Pedziwiatr et al. [26] Cohort Acceptable 2+ Rumstadt et al. [27] Cohort Acceptable 2+ Walter et al. [28] Cohort Acceptable 2+ Gonzalez-Ayora et al. [29] Cohort Acceptable 2+ ERAS in Emergency Gonenc et al. [30] RCT Low quality 1-Lohsiriwat et al. [31] Cohort High quality 2++ Wisely et al. [32] Cohort Acceptable 2+ Roulin et al. [33] Cohort Acceptable 2+ Verheijen et al. [13] Cohort Acceptable 2+ reduced considerably from 18% to 5% (17), 58.6% to 27.4% (18) and 21% to 5% (18) and more notably when laparoscopy was used for all surgeries (17, 19) . LOS was reduced by 1.5 to 3.5 and 4 days (17) (18) (19) .
The cohort study (20) found that outcomes did not improve with the application of ERAS after PD.
Sufficient data was not available to compare readmission or mortality rates.
Studies comparing older to younger patients, in ERAS
Nine studies compared older to younger patient groups receiving ERAS, taking as a reference ages between 65 and 80. Eight of the studies were in colorectal pathology and 1 in PD (23) .
Complication rates ranged from 22.9 to 63%, the highest being in PD, without statistical significance between younger and older patient (27) reported a statistically significant difference in favour of younger over older (80+ and 79+) patients, in general and surgical post operative complications retrospectively. Five of the studies (13, 22, 24, 26, 28) . found lower overall complication rates in the older patient group, 3 of these being in 80+ patients (13, 26, 28) .
Mortality rates varied greatly across the 6 studies which reported on them (22) (23) (24) (25) 27, 28) . In the 4 studies where mortality rates were low, there was little difference between age groups (22, 24, 27, 28) .
Difference in LOS was between 1 and 2 days longer in general for the older patient group (with the exception of Verheijen). Two studies (24, 28) found this to be statistically significant compared to younger patient LOS, however Khan (24) found that LOS in the older patient group was reduced by 1 day when laparoscopy was combined with ERAS.
Six of the nine studies reported lower readmission rates for the older group (13,23-25, 27,28) , but this was only a statistically significant lower rate in one study (27) .
The outcomes reported from the multicentre study undertaken by Gonzalez-A et al (27) had similar postoperative complication rates and LOS to the only other multi-centre study (27) .
Studies comparing ERAS to conventional care, in emergency surgery
In the 1 RCT and 2 cohort studies post operative complication rates were reduced in patients receiving ERAS, with a statistically significant reduction in major complications in one study (32) .
LOS was similarly reduced in 2 studies (30,31) by 2-3 days, having statistical significance and mortality rates did not increase or were improved upon (0 vs 3.8%). Readmission rates were notably poorer in comparison to CC in the RCT (30) .
Studies comparing emergency to elective surgery, in ERAS
Two studies (13, 33) . undertook to compare emergency with elective post operative outcomes for colorectal surgery within an ERAS pathway. Although results were poorer for ES patients the only statistically significant difference was in LOS.
ERAS elements applied
Current ERAS Guidelines were used as the reference point to measure the number of elements applied per study as part of an enhanced recovery protocol. These ranged from 9 to 19 across all the elderly patient studies, with a range of 13 to 17 in those that compared older to younger patients and 13 to 19 in ES, excepting Gonenc et al (30) where it was not clear.
Discussion
The aim of this systematic review was to evaluate the feasibility of ERAS in geriatric emergency surgery. It is the first of its kind with this focus. Several well documented systematic reviews have been undertaken with regard to the feasibility of ERAS, but less so for ERAS and elderly (34) . and none in relation to emergency surgery.
Despite recommendations for the use of ERAS in ES (11, 35) , there are very few published studies available. We found only 4 studies (13, 23, 25, 27) which included geriatric ES patients in their evaluation of ERAS in elderly which had clearly defined elderly parameters; however GES was not the main focus of these studies.
Two of the 5 studies (32,33) that we found, focusing on ERAS and ES, included elderly patients (64+) as a mean/median age and not as a specific group. As a result, this review has attempted to assess feasibility of Enhanced recovery after geriatric emergency surgery by combining results from studies looking at either elderly and ERAS or ES and ERAS and therefore places some limitations on our recommendations.
In our favour, the quality of the studies was mainly acceptable (SIGN: well conducted cohort studies with a low risk of confounding, bias, or chance and a moderate probability that the relationship is causal) and adds weight to the findings.
The evidence for ERAS in elderly patients is good. Although based predominantly on colorectal surgery, 2 studies which evaluated PD with ERAS were included. The overall results show that ERAS is safe, feasible and applicable, with improved outcomes when compared to CC and (in 7 out of 9 studies) no statistically significant differences in post operative complication or readmission rates when compared to younger patients.
LOS was generally longer (with the exception of Pedziwiatr et al (26) but has been partially attributed to non surgical/medical issues (20, 22, 25, 27) . Indeed LOS has been questioned as a meaningful outcome to measure in relation to elderly patients. However prolonger hospital stay has been associated with negative factors such as sleep disruption and medication errors (15) and ERAS was seen to reduce post operative hospitalization for both elderly and ES patients in comparison to conventional care.
A systematic review focusing on elderly colorectal patients and enhanced recovery protocols conducted by Bagnall et al. (34) had similar findings. However in this systematic review studies prior to the publication of ERAS consensus guidelines were included and the mean age was used to meet the criterion for elderly.
Although there is diversity in defining elderly (chronological age, geriatric assessment and frailty scales), the studies selected demonstrate a range of ages and co-morbidities in the patients evaluated and can be seen to be representative of the wider aged population. Furthermore, the data is strictly in relation to 65+ with clearly identifiable outcomes for 70+ and 80+ sub groups which conclude that older elderly patients benefit as much if not more than younger ones from ERAS, but have different needs in relation to discharge.
The lower number of trials and studies focusing on ERAS in ES clearly indicates that this is still a new area to explore (16) . The studies we found were less homogeneous in focus, included all age groups and different pathologies. Generally, complication rates and LOS were reduced with ERAS. The 3 studies with older patients included had higher LOS than the other 2 studies, which may be attributed to patient age, but is not specified.
Overall, 4 RCTs were included in our review, two of them with a high risk of bias, thus providing weaker level 1 evidence (1-). Although this could be a limitation of our paper, low quality RCTs are still awarded a high ranking value in comparison to cohort studies, but do not contribute to the grade of recommendation. (Appendix 1) All of the RCTs compared ERAS to CC and all had lower complication rates than the majority of cohort studies. However LOS did not greatly differ, with the exception of Gonenc et al (30) , who had the lowest post operative LOS despite being in ES patients. This trial had the youngest mean age and many exclusion criteria, which could account for these results.
The two studies which evaluated ERAS in PD patients had similar results to each other. One study (23) demonstrated elderly patients benefitted from ERAS; the other study (20) concluded ERAS was still safe to apply to this patient group and demonstrated reduced readmission rates. These could be viewed as standalone studies since they had very different pathologies to the others reviewed. Nonetheless, their contribution is valuable in demonstrating the impact of ERAS. There was no validity in comparing the outcomes from these studies with those focused on colorectal surgery, since PD is a challenging operation with a high rate of complications and a measurable mortality risk even in expert hands (36) .
Indeed mortality rates were difficult to evaluate generally as they were less frequently reported, with only 50% of the studies providing comparable results. With the exception of the PD study (23) , only Pawa et al (25) reported significantly higher rates for the elderly group due to cardio respiratory complications, possibly due to the premorbid state of the patients. It has been acknowledged that patients over the age of 85 were three times more likely to develop postoperative respiratory complications than those under 65 years of age (37) and in the majority of the studies that we reviewed, where reported, cardio respiratory complications were significantly higher in older compared to younger patients. ERAS was found to reduce this in the studies which compared it to CC (18, 19) ; and Walter et al (28) found that higher ASA and malignancy in older compared to younger patients did not affect outcomes significantly. Therefore, although comorbidity is an important factor to consider when dealing with elderly surgical patients, it should not be used as a prohibiting one (38) .
The issue of mortality is an important one in ES, especially in elderly patients. Quiney et al (16) identified two studies that had applied a specific care pathway with some similarities to ERAS, for ES patients. Their application had resulted in considerably reduced mortality rates.
The use of laparoscopy with ERAS varied in the studies we selected. Two RCTs (17, 19 ) and 3 cohort studies (21, 22, 26) applied laparoscopic surgery on all patients and Pawa et al (25) on 96%. Four other studies (24, 27, 29, 33) used laparoscopy to varying degrees and one study (18) , in contrast, applied solely open surgery. Despite this variance, no clear patterns could be seen in the outcomes achieved as to the impact of laparoscopy in ERAS. This is still a
Appendix 1. SIGN Levels of Evidence and Grades of Recommendation

Levels of evidence
1++
High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias
1+
Well conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias
1-
Meta-analyses, systematic reviews or RCTs, or RCTs with a high risk of bias
2++
High quality systematic reviews of case-control or cohort studies or High quality case-control or cohort studies with a very low risk of confounding, bias, or chance and a high probability that the relationship is causal
2+
Well conducted case-control or cohort studies with a low risk of confounding, bias, or chance and a moderate probability that the relationship is causal
2-
Case-control or cohort studies with a high risk of confounding, bias, or chance and a significant risk that the relationship is not causal topic for discussion. The systematic review undertaken by Spanjersberg et al (39) explores this in detail and the impact on elderly needs further investigation. Although the implementation of ERAS elements was generally high, we did not investigate the possible correlation between the number of elements applied and outcomes achieved. What is of note is that high application was demonstrated to be possible in ES and with older patients and that studies with fewer elements applied did not achieve poorer results. In fact, poorest application was in 3 out of the 4 RCTs where the lowest complication rates were recorded.
Two key issues affecting outcomes are study interpretation of individual ERAS elements and patient ability to comply with targets. Interpretation varied in preoperative fasting ranging from 6-8 hours before surgery, with or without carbohydrate loading; post operative early oral feeding ranged from administering solid diet on the first to the third post operative day, and early post operative mobilization from the evening after surgery to the following day.
In ES preoperative ERAS is arguably more difficult to adhere to, however in the studies that we reviewed, there was greater application in the intra and post operative elements. The trial by Gonenc et al (30) stated that 3 key elements produced better outcomes in their intervention group: non NGT usage, early oral feeding and use of NSAIDs. Additionally, work undertaken by the ERAS study group identified 2 key elements which had an independent positive impact on post operative outcomes, perioperative intravenous fluid management and preoperative carbohydrate treatment (40) .
More research is still needed in relation to identifying which elements of ERAS have greater impact on both elderly and emergency surgery patients and whether independent impact plays a more significant role than number of elements applied.
Patient compliance was addressed in a number of the studies reviewed (20, 23, 26, 29, 32, 33) and ranged from 50 to 85%. Emergency surgery patients achieved an average level of compliance in comparison to elective surgical patients, again demonstrating that ERAS in ES is feasible.
Grades of Recommendation (SIGN)
Summarizing the evidence in the studies analyzed, the following grades of recommendations were given, using SIGN Revised grading system for recommendations in evidence based guidelines (Appendix 1).
B 
Conclusions
The body of scientific evidence available in relation to ERAS in geriatric patients concludes that it is feasible, safe and effective, with generally better outcomes than conventional care and that age itself is not a prohibiting factor. ERAS in ES is also concluded to be feasible and safe in the directly applicable studies that we analysed.
Extrapolating data from studies that were either ERAS in elderly which did not exclude emergency cases, or studies on ERAS in Emergency which included elderly patients, we found some evidence to suggest that ERAS was feasible and beneficial for GES patients.
More evidence is clearly required from well designed clinical trials in relation to the impact of ERAS on the heterogeneous emergency geriatric surgical patient. Based on current evidence, we believe that a tailored ERAS pathway (which includes frailty assessment, specific discharge strategy and ethical considerations), with a multidisciplinary team approach, would better serve the GES population.
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